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Table 3. Summary of study characteristics and results on the tone production in Mandarin-speaking children
	Study
	Participants demographics
	Outcome measures and procedure
	Main findings

	Chuang et al., 2012
	From Taipei
CI group (N=24)
CA: 7;8 (6;0-11)
AI: 3;4 (1;5-6;4)
NH group (N=24)
CA: 7;8 (6-11)
	Intelligibility test
(Reading passage with 74 two-word items, including 4 tones)
	Accuracy analysis: CI (M=76.1%) <NH (M= 99.7%). 
CI: Accuracy score (vowels, consonants and tones) <SC> intelligibility ratings

	Deroche et al., 2019
	From Taipei
CI group (N=24)
    CA: 10;11 (6;5–17;2)
AI: 2;11 (1;1–12;2)
NH group (N=24)
CA: 10;7 (6;9–16;6)
	Two words production 
(T1, T4 of 2 words with same constant vowel structure)
	Acoustic analysis (every 5ms with PRAAT):
CI shortened T4 or longer T1 to enhance their contrast which means CI more reliance on duration cues while NH relied primarily on f0 cues. 

	Han et al., 2007
	From Beijing
CI group (N=14)
    CA: 5;2 (2;11–8;3)
AI: 3;5 (1;2-7;1)
NH group (N=14)
CA: 6;2 (3;1–9;0)
	Word production task
(10 words for each of the 4 tones, for a total of 40 words)
	Perceptual study: (T test) CI <NH (48.4% vs 78.0%, p<0.001); T1(71.7%)>T4(55.3%)>T3(48.1%)>T2(19.4%), highly replace by using T1. 

Accuracy <SC> IA & DCI


	Li et al., 
2018
	From Tainan
CI group (N=33)
    CA: 13;5 (8;6 to 17;8)
    AI: 2;6 (0;11 to 4;11)
	Word production task
(Reading 15 pairs of words containing 4 lexical tones)
	Accuracy analysis: (two speech pathologists)
M=90%; T1(98.58%)>T4(96.59%)>T3(83.62%)>T2(81.54%)

	Mao, Chen and Xu, 2017
	From Beijing
CI group (N=278)
    CA: 6.6 (2;0–19;0)
AI: (0;6-11;0)
NH group (N=170)
CA: 6;9 (2;0–13;0)
	Picture-naming task
(9 words for each tone, for a total of 36 words)
	Neural network analysis: CI < NH (58.8% vs 91.5%, p<0.001)
CI: T1(73.0%)>T4(66.3%)>T2(44.5%)>T3(43.7%), highly replace by using T1. 
NH: T4(97.2%)>T1(95.7%)> T2(88.5%)>T3(80.9%), T3 mainly replace by T2 (12%)

	Peng et al., 2004a
	From Taipei
CI group (N=30)
    CA: 9;3 (6;0-12;6)
AI: 5;8 (2;3-10;3)
	Picture-naming task
(12 words for each of the 4 tones, for a total of 48 words)


	Accuracy analysis: (in five value, from 1 completely incorrect and 5 completely correct; 1=0%, 5=100% correct)
1.M=53.09%; T4 (62.22%)>T1 (62.13%)>T3 (45.89%)>T2 (42.13)
2.Tone production <SC>IA (p=0,001) and DCI (p<0.005).

	Tang et al., 2019b
	From Beijing
CI group (N=72)
   CA: 4;8 (3;0-7;0) 
AI: G1:1;0-2;0; G2:2;0-3;0 G3:3;0-4;0; G4:4;0-5;0
NH group (N=44)
CA: 6;2 (3;1–9;0)
	Picture-naming task
(4 words for lexical tone, 8 for neutral tone,16 for sandhi tone)
	Acoustic analysis: 
1.Lexical tone: CI indicated flatter pitch contours than NH in T2, T3, T4. G1: have normal like pitch contours.CI result <SC>IA & DCI
2.Neutral tone: challenges in producing the pitch variation and short duration. G1 is better in variation but not in short duration.
3.Sandhi: CI were flatter relative to those of the NH. none CI ≈NH 

	Xu et al.,2004
	From Beijing
CI group (N=4)
    CA: 5;6 (4;0-8;9);
AI: 3;5(3;0-3;10)
NH group (N=7)
CA: 3;0–8;6
	Word production task
(Reading 40 words containing 4 tones)
	Accuracy analysis (rate 1-10 from 0 [no tonality at all] to 10 [being perfect]): CI <NH, with individual different. 
Acoustic analysis: CI≈NH in T4, but T1 -T3 were essentially indistinguishable, all likely to be T1. NH indicate adult like result.


	Xu et al., 
2011
	From Beijing and Shanghai
CI group (N=25)
   CA: 9;6(2;1–21;6)
AI: 6;5 (1;3–20.9)
	Picture-naming task
(36 words containing 4 tones)
	Neural network analysis: M= 52.0% (range 19.4%-97.2%)
Accuracy score <SC>IA


	Zhou and Xu, 2008
	From Beijing
CI group (N=14)
    CA: 5;2 (2;11–8;3)
AI: 3;5 (1;2-7;1)
NH group (N=61)
    CA: 6;2 (3;1–9;0)
	Word production task 
(4 tones of 40 syllables, using T1 cue)
	1.Perceptual study: CI <NH (T1:71.8%vs 94.6%; T2:21.6% vs 86.6%; T3:46.5% vs 45.1%; T4:55.2% vs 93.2%; p<0.001)
2.Acoustic analysis: CI more overlap than NH
3. Neural network analysis (t test): CI < NH (T1:66.4%vs 91.3%; T2:27.4% vs 88.5%; T3:23.5% vs 71.7%; T4:46.8% vs 83.9%)

	Zhou et al.,
2013
	From Beijing
CI group (N=110)
    CA: 5;3 (2.42-16;18) 
AI: 3;11 (1;11 -12;11)
NH group (N=125)
    CA: (3;3-9;11), 1;6 older  than CI 
	Picture naming task 
(36 words containing 3 pairs of 6 tone contrasts)
	Perceptual study: (4 judged) CI <NH (46.8% vs 94.8%, p<0.001)
Acoustic analysis:
1.Ellipses overlap: CI >NH;( CI with less tone separated)
2.Tone space: CI <NH; 
Neural network analysis (t test): CI < NH, CI indicated (T1>T4>T3>T2, substitute highly in tone 1 and with different error pattern 

	Notes: “N”= numbers; “CA”= chronological age ; “AI”= age at implantation; “7;8”= 7 years 8 months; “DCI”= duration of CI use;“<SC>”= significant correlation;“<”= A significantly lower(accuracy)/ smaller(ellipses overlap, tone space) than B;“>”= A significantly higher(accuracy)/ bigger (ellipses overlap, tone space) than B; “M”=mean score; <SD>=significantly different; ” ≈”=similar/ comparable; ”AD”=acoustic distance; ”m”=month. “G” = group; “T1” = high level tone; “T2” = high rising tone; “T1” = falling rising tone; “T4” = high falling tone



